Abstract
Materials and Methods

103
Plant materials and growth 104 Arabidopsis thaliana accession Columbia (Col-0) was used for Shigella infection. The bacterial strains and plasmids used in the study are described in Supporting 117 Table S1 . Shigella and Pseudomonas strains harboring plasmid pDSK-GFPuv were generated 118 by electroporation as previously described (Wang et al., 2007; Hong et al., 2016) . was grown at 28°C in LB broth with shaking at 200 rpm (Shamloul et al., 2014) .
126
The coding region of ospF or ospG was PCR-amplified using attB-containing PCR primers 127 (Supporting Table S2 ), and the PCR fragments were cloned into the pDONR™207 vector 128 using the pENTR Directional TOPO Cloning kit (Invitrogen, Carlsbad, CA, USA). The 129 products were then transferred to the pBAV178 (for AvrRpt2 fusion) or pBAV179 (for HA pBAV179, and pME6012 (empty vector control) were kindly provided by Dr. Jean T.
132
Greenberg (University of Chicago) (Vinatzer et al., 2005 one container were harvested by cutting the hypocotyls, and total fresh weight was measured.
154
The cfu were normalized to cfu/mg using sample weight. i.e., wilting and obvious accumulation of H2O2, was observed (Fig. 1a) . On the other hand, 
266
Previously published studies demonstrated that several human pathogenic bacteria,
267
including E. coli O157:H7 and Enterococcus faecalis, can infect the leaves and roots of A. we analyzed A. thaliana leaves infected with Shigella by TEM (Fig. 3) . Indeed, the TEM were more commonly found in the intercellular spaces than S. f 2a and S. f 5a.
298
In a previous study, Salmonella was labeled with GFP and its presence in plant (the S. s strain was not) and then inoculated into the plant using the flood-inoculation method.
303
The leaf surface was then observed under a confocal microscope (Fig. S3) and their proliferation was compared (Fig. 4b) . Under UV light, we observed that the GFP-324 producing S. f 2a and S. f 5a strains colonized and multiplied along the whole root system 7 d 325 after the inoculation (Fig. 4b) . Notably, S. f 2a:GFP cells formed biofilm-like communities on 326 the root surface to a greater extent than S. f 5a:GFP (Fig. 4b) role in the bacteria epiphytic growth in plants (Fig. 4b) . We also confirmed that none of the
330
Shigella strains grew in the plant culture medium (Fig. S5 ).
331
To determine if these microorganisms were also present inside the root cells per se,
332
the roots of the infected plants were sampled and their surface was disinfected, and they were 333 observed under a fluorescence microscope (Fig. 4c) infected with S. f. 5a ospF or S. f 5a ospG when compared with wild-type S. f 5a (Fig. 6a) .
382
Pathogenicity was fully restored by complementation of the mutations, indicating that these 383 effector proteins indeed play an important role in Shigella pathogenesis in plants (Fig. 6a ).
384
We then monitored activation of MAPKs to determine whether plant immune suppression 385 was altered by single mutation of OspF and OspG. As shown in Figure 6B, furthermore, bacterial cell numbers were 10 times higher than those in the control (Fig. 7b, c) . (Fig. 8c) . Surprisingly, co-production of OspF:GFP, but not OspG:GFP, and MEK2 DD 437 completely inhibited the MEK2 DD -induced cell death (Fig. 8c) . The production of the two 438 effectors fused with GFP was then evaluated in the MEK2 DD -producing plant leaves; the 439 production of OspF:GFP was apparent, but that of OspG:GFP was not (Fig. 8d) , even though 440 both proteins were stably produced in the absence of MEK2 DD (Fig. 8a) with GFP-or OspG:GFP-producing plant samples (Fig. 8d) . The production of MEK2 DD
445
protein was confirmed in all samples using anti-HA antibodies (Fig. 8d) In the current study, we investigated the interaction of the human pathogenic 
473
By using avirulent mutant strains, we were able to show that effectors that regulate the 474 pathogenesis of shigellosis in humans also play a central role in regulating pathogenesis in
475
Arabidopsis. We showed that secretion of T3S effectors is required to trigger both pathogenic 476 symptoms and expression of the invasive phenotypes in plants (Fig. 4) . Furthermore, the other than plant temperature.
497
The current study provides new insights into host invasion mechanisms utilized by
498
Shigella to infect an alternative host, the plant Arabidopsis. Studying trans-kingdom 499 pathogenesis involving human-adapted pathogens, such as Shigella, may uncover novel 500 pathogenic mechanisms uniquely activated in response to specific hosts. When we isolated 501 the two Shigella effectors OspF and OspG, and produced them in plant cells, their 502 localization coincided with that in the animal cells (Fig. 8b) , and it was apparent that the 503 production of both proteins increased the virulence of plant pathogens (Fig. 7b, c) . In addition,
504
we confirmed that OspF inhibits the innate immune response of plants via the same 505 enzymatic activity as in animals (Fig. 8c, d) . plants. In the current study, we demonstrated the ability of OspG to enhance the 510 phytopathogenicity of non-Shigella bacteria (Fig. 7b, c) and also observed the degradation of
511
OspG:GFP upon the constitutive activation of MAPK signaling (Fig. 8c, d ). 
